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 There is a need to introduce modern sand binder systems in the South African foundry 
industry as a means of improving its competiveness through the reduction of scrap castings 
and compliance to environmental regulations. According to the Industrial Policy Action Plan 
(IPAP). The foundry industry will play an important role with regards to the economic 
infrastructure priority advocated in the National Development Plan (NDP) of South Africa. In 
this study, a new generation water glass binder is introduced in a local foundry for 
production of cores for export plumbing casting production. The new water glass introduced 
is unique in that it contains an inorganic breakdown agent. The core making operating 
parameters including binder content, temperature and cycle time are optimised through core 
making trials without any alterations on the coremaking machines. Production data was 
evaluated using an optimization feature of Microsoft excel software. The results provided a 
set of optimum operating variables to manufacture 80-100% good quality sand cores for 
casting applications with an environmentally friendly binder.  The most favourable binder 
content is above 2.60%.The most favourable operating temperature range is 160-174 0C. 
Therefore temperature and related energy costs can be reduced. The shortfall is reduction in 
cycle time. 
 
 
 
  
 1 INTRODUCTION 
The Industrial Policy Action Plan (IPAP) of the Department of Trade and Industry 
(DTI) is the South African blueprint for national infrastructure development. The 
plan  promotes labour-intensive industralisation that broadens participation and 
raises competitiveness .This policy is aligned with the National Development plan 
launched in 2012 with the ultimate goal to eliminate poverty and reduce 
employment by 2030 [1]. According to these plans, efforts are to be deployed to 
support small and medium enterprises that have the potential to create jobs while 
supplying goods for the much needed infrastructure development of the country in 
terms of road, energy, water and telecommunications. One of these small and 
medium enterprises sector is the foundry industry responsible for producing 
castings with engineering, mining and automotive applications. 
Innovation and technology acquisition are recognised by the IPAP as enabling and 
success factors for the plan. In it is with the optic in mind that the introduction and 
use of high performing foundry raw materials in the local foundry industry could 
increase the industry competitiveness. The case of using a new generation sodium 
silicate binder was therefore considered in this research project undertaken at the 
University of Johannesburg in collaboration with Frieberg University of 
Technology (Germany) for the benefit of a local foundry. Hydrated sodium silicate 
is an established and popular inorganic binder with applications in the foundry 
industry for making sand moulds and cores [2]. Sodium silicate is a synthetic 
inorganic colloidal material. It has different names such as, soluble glass, silicate of 
soda, liquid glass, and water glass. Water glass, being a water solution of sodium 
silicate, has been used in the foundry industry for over sixty years for the 
manufacture of mould and cores. Along with technical progress and widening 
knowledge on this inorganic binder, many hardening methods of it containing 
moulding sands were developed, including blowing with carbonic anhydride in the 
CO2 process and drying with air at higher temperature [3].  
The adoption of the water glass CO2 process was often motivated by the necessity 
of increasing the speed of core making and moulding without detrimental effects to 
the dimensional accuracy of the castings. The sodium silicate binder can be cured 
well by passing carbon dioxide gas through the mould to precipitate silica. 
Therefore the process is widely referred to as the CO2 process. However, many 
foundries prefer to use esters such as di- and triacetin to cure the moulds. Ester 
curing is easier to control and more uniform, its shortfalls are that it is slow and 
more expensive than CO2 [4].  
Water glass owes its properties to hydration, hence the process is considered from a 
physiochemical point of view as the reaction of the dehydration of the colloidal 
solution, resulting in the formation of a base phase gel [5]. Dehydration curing of 
  
the silicate binder in a foundry sand takes place when there is sufficient heat to 
evaporate the free water from the silicate solution. Thus, the dehydration of sodium 
silicate can be accomplished by using convection hot air (heat energy), exposure to 
microwave energy, or exothermic reaction resulting from organic or inorganic 
compounds [6]. 
The use of hot air to dry the binder has the effect of providing a uniform set of the 
binder without limiting its bench life [4].The hot air process achieves high and 
uniformly distributed strength over the entire cross section of the core. Thin and 
thick parts are equally cured [7]. Currently most cores are made with organic 
binders which are becoming unpopular due to their emissions and more stringent 
environmental legislation. Water glass is an alternative to replace the organic 
binders because it has the great benefits of environmental friendliness, low cost, low 
gas evolution on casting and minimal to zero odour. This study attempts to address 
the above problem by investigating the performance of water glass binder against 
standard process conditions of organic binders in a hot box core making operation 
in a local South African foundry. 
2 METHODOLOGY  
The experimental procedures where conducted to optimise a water glass core 
making process with cast clean S27® inorganic binder in a local foundry. Cast 
clean S27® is a European new generation sodium silicate resin with various 
moulding and core making applications for automotive, mining and general 
engineering castings [8]. The core making optimisation and foundry casting trial 
procedure was conducted in the following sequence core selection, core 
optimisation and casting. 
2.1.1 Core selection 
The core selected was for a commonly produced high production brass plumbing 
fitting in a well-known local foundry. The two dimensional drawing of the 
component is shown in figure 1. The plumbing fitting was selected because it is one 
of the common size cores produced in large quantities by the foundry. The 
plumbing fitting core produced weighed 110g. The casting produced from the core 
in figure 4 weighed 500g. 
 
 
 
  
 
 
 
 
 
Figure 1: Front and top view of core for the plumbing fitting. 
2.1.2 Determination of suitable core making properties 
The core selected was for a brass plumbing fitting. Moulding sand was prepared 
with different binder contents from 2.00, 2.25, 2.50 and 2.75 % by weight of sand. 
The sand was prepared in a batch sand mixer and binder was added from measuring 
cylinders into the mixer. The sand was mixed for 3 minutes. 
The four mixes were loaded in to the hot box core shooter hoppers successively. 
Each mix was used to make cores at different temperatures. The temperatures were 
1300C, 1400C, 1500C, 1600C, 1700C and 1800C. The different mixes at each 
temperature were cured for different amounts of time 25, 30 and 35 seconds. This 
was done in order to find out the most suitable parameters for the production of the 
plumbing fitting core. Surface methodology statistical techniques was used to 
evaluate the results. 
 
 
 
 
 
2.1.3 Casting trial  
  
Cores from the most successful combination of parameters were then used for 
casting. The most suitable parameters were determined by determining the set of 
parameters that had the most number of successful cores in the least possible time. 
The cores were dipped in a coating, placed in a permanent die in pairs as presented 
in figure 2, and then molten brass was cast at 1060oC into the permanent die. The 
castings produced are presented in figure 3. 
 
Figure 2: Cores inside permanent die. 
 
 
  Figure 3: Castings produced 
3 RESULTS AND DISCUSSION 
The optimum core making parameters were selected based on the number of 
successful cores produced in minimum time, with minimum binder and at minimum 
temperatures using the response surface methodology. Figures 4, 5 and 6 represent 
the trials conducted to optimise the core making process. The results were 
compared with those usually achieved in the normal production process with 
organic binders. The normal production process produces good cores at 25 seconds 
at a temperature of 240 oC. 
  
 
Figure 4: Surface chart at 25 seconds heating in core box indicating number of good quality cores produced. 
Figure 4 results show that it is possible to make a maximum of 6-8 cores. The 
temperatures that were successfully used to make the maximum cores were 165 0C - 
1770C.  A binder content of 2.60 – 2.75% sodium silicate binder was needed to 
produce the maximum number of successful cores. The lower binder contents 
correspond to a higher temperatures and vice versa is true to a certain extent. The 
results were achieved within 25 seconds curing time. There is a low number of 
successfully cured cores. This could be because the residence time of the cores was 
not long enough. The cores needed more time to allow further dehydration to occur or 
a higher set temperature beyond the values targeted by the experiment. The lack of 
further dehydration limits the amount of bonds Si-(OH) linkages or silanol bonds 
which impart rigidity. These linkages are formed after the loss of free water [7]. There 
is always a need to strike a balance between under dehydration and over dehydration 
as indicated by the higher binder contents at a higher temperature and the lower binder 
contents at a higher temperature respectively. In the case of over dehydration adsorbed 
water is lost, which forms the linkages through hydrogen bonds with silanol. Holes 
begin to develop in between the bond therefore weakening the bonds. 
 
 
  
 
  
 
 
 
 
 
Figure 5: Surface chart at 30 seconds heating in core box indicating number of good quality cores produced. 
Figure 5 results show that it is possible to make a maximum of 8-10 cores. The 
minimum temperature that was successfully used to make the maximum cores was 
168 0C.The temperature range at which successful cores can be made was 168-
1740C.  A minimum of 2.67% sodium silicate binder content was needed to produce 
the maximum number of successful cores. The results were achieved within 30 
seconds of curing time. The chances of successful core production increase with 
temperature up to 1740C and with binder content up to 2.75%.Figure 5 shows a 
region in which adding 5 seconds of residence time on the heated die results in the 
formation of more silanol linkages resulting in more 8-10 good quality cores being 
produced within the optimal temperature and binder ranges. Over and under 
dehydration areas are also visible in figure 5.The increase in residence time 
generally reduces the under dehydration resulting in more successful cores. 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
Figure 6: Surface chart at 35 seconds heating in core  box indicating number of good quality cores produced. 
Figure 6 results show that it is possible to make a maximum of 8-10 cores. The 
minimum temperatures that can be successfully used to make the maximum cores is 
160 0C and the maximum is 1740C. A minimum of 2.63 % sodium silicate binder 
content is needed to produce the maximum number of successful cores. The results 
were achieved with 35 seconds   curing time. The area with more successful cores  
increased indicating more silanol linkages. 
The optimum parameters were obtained in figure 5 with a sodium silicate binder 
content range of 2.67%-2.75%, and a temperature range of 168 oC -174oC within 30 
seconds curing time.The optimum range parameters successfully produced 8-10 
good quality cores. A low binder content, low temperature and high number of 
successful cores results in cost savings within the core production process. A 
minimum amount of curing time speeds up the core production process therefore 
increasing productivity. A similar case study was performed with an inorganic 
binder from AWB. The case study revealed that successful cores were made at 
temperatures between 160-170oC [9]. Therefore Cast clean S27® can perform in the 
same range of temperatures as that of the AWB inorganic binder. 
The sodium silicate binder has the advantage of reducing the temperatures required 
for curing from hot box temperatures (240oC) to warm box. The disadvantage is that 
it slows down the process by increasing the cycle time with an additional 5 seconds. 
CONCLUSION 
This investigation explored the introduction a new core binder in a local foundry 
with the aim of improving its competitiveness. This technology acquisition is an 
example of IPAP and NDP implementation in a small and medium enterprise. 
Successful use of the new binder could only be possible if operating parameters 
were optimised for maximum production of sand cores. The study confirmed that 
  
the water glass coremaking process could adequately replace the existing organic 
hot box process with lower operating temperatures in the range of 168oC-174oC but 
with an increase of 5 seconds in the cycle time.The optimal conditions and quality 
of cores are dependent on the amount of silanol linkages formed.These linkages are 
dependent on the dehydration process that requires to be optimised. Under 
dehydation and overdehydration are a recipe for poor quality cores.The change in 
binder does not require any changes in machinery. This is done with the old 
equipment. This therefore makes the substitution of the organic binder with an 
inorganic binder a cost effective solution if other downstream processes are not 
affected. Reduced energy costs, scrap castings, cheaper binder and use of 
environmentally friendly material will lead to sustainable competitiveness of the 
foundry industry.   Future studies could address measurement of additional 
production parameters including the electricity use and cost, die temperatures and 
the frequency of die replacement.,which are the  most likely savings after 
introduction of the inorganic binder. 
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